Introduction
In addition to traditional sources of uncertainties, such as market price volatility and animal and plant health-related risks, the impacts of climate change have recently become a major concern for both farmers and policymakers throughout the world, including both developed and developing countries. Extreme weather events already cause substantial losses in the agricultural sector; for instance the European heat wave in 2003 caused grain-harvest losses up to 20% in the affected regions (IPCC 2014 ) and led to a fall of more than 23 million tonnes in cereal production compared to the previous year (UNEP 2004) . The drought affecting some of the major bread baskets (Europe, Russia, Canada and Australia) in 2007 had serious adverse effects on the global grain supply, which led to rapid price increase worldwide. The frequency and intensity of these extreme weather events is likely to increase in the future (IPCC 2012) . A recent report suggests that the risk of a 1-in-100 year production shock is likely to increase to 1-in-30 or more by 2040 (Bailey et al. 2015) . While the food security implications of these changes are unquestionable, the income security and the survival of rural population is also in danger. The latter one is especially relevant in the context of developing countries, where agriculture has still a key sector both in terms of its contribution to the economy and employment.
While the latest report by the Intergovernmental Panel on Climate Change (IPCC) stresses the need to adapt the food systems to climate change, it also notes that farmers in some regions are already taking actions. The report defines adaptation as reduction of risks and vulnerability through "adjusting practices, processes, and capital in response to the actuality or threat of climate change" (IPCC 2015, p. 513) . A wide range of adaptation options is available, process-wise the literature often differentiates between autonomous and planned adaptation. Autonomous adaptation refers to the introduction of incremental changes in existing systems, which are reactive in nature. Planned adaptation on the other hand, is proactive and can mean the adjustment of a broader system (IPCC 2015) .
At individual level, farmers have different options to reduce, mitigate and cope with disaster risks. Risk reduction aims at reducing the probability of the occurrence of disasters for instance by making appropriate technological decisions. Risk mitigation, on the other hand, aims at reducing the potential impacts of such events (e.g. via the diversification of production), while coping mechanisms are in place to relieve the impact of risky events once they have occurred, e.g. by borrowing from neighbours or selling financial assets (OECD 2009). At national level, policymakers pursue different strategies to deal with agricultural risks. Most OECD countries for instance either put emphasis on training, competitiveness, liberalization and compensation for catastrophes, or alternatively they rely extensively on (subsidized) insurance mechanisms (Meuwissen et al. 2008) . The Health Check of the European Union (EU) Common Agricultural Policy (CAP), followed by its recent reforms suggests that the EU as a whole is moving towards subsidized insurance as a main tool to manage agricultural disaster losses. Taking into account these policy developments, our study focuses on farm insurance as an adaptation tool in the agricultural sector.
In 2011, agricultural insurance premiums worldwide amounted to an estimated USD 23.5 billion, almost four fifth coming from the advanced markets (Swiss Re 2013). And while agricultural insurance penetration is still really low in emerging countries, insurance has been strongly promoted as an essential element of risk management strategies in those regions (Swiss Re 2013). Indeed, recent policy developments suggest that not only developed countries but also developing countries increasingly rely on insurance instruments in agricultural risk management (Wang et al. 2011) . Considering the recent interest, it is imperative to study the challenges faced by agricultural insurance especially in terms of uptake and the potential role public sector can play. Several studies are available that investigate the risk management decision-making process of farmers and their perception and willingness to pay (WTP) for insurance, especially in the context of developing countries. WTP studies focusing on Europe are less common, although in the light of the current policy developments they could potentially provide useful insights.
Our case study from that UK investigates farmers' risk perception and their willingness to pay for insurance. The remaining parts of the paper are organised as follows: section 2 provides a brief overview of the relevant literature and introduces the case study. Section 3 describes the methodology, while section 4 presents the results of the case study, followed by some concluding remarks in the last section.
Background
The management of agricultural disaster risks is of significant interest for European policy-makers, as well as for private insurance companies that, although often with public support, provide coverage for farmers against the various climate risks. Following the CAP Health Check in 2008 and recent reforms of the European agricultural policy, there is a clear direction within the EU to move towards subsidized agricultural insurance as a potential tool to manage disaster and other types of risks in the sector as well as to contribute to farmers' income stability. As agriculture is one of the very few sectors that are largely governed at European level, and national competencies are limited compared to other sectors, the above described policy development will have important implications for all Member States. For instance, as a consequence of the CAP Health Check that allowed Member States to reallocate some of their direct payment budget and spend it on insurance premium subsidies for farmers, Hungary has recently introduced a new agricultural risk management scheme. The new scheme is a public-private partnership and one of its core elements is subsidized insurance that is partly financed by the EU. Hungary is only one example but it well demonstrates how much EU developments in the field of agricultural policy influence policymaking at Member State level. The recent CAP reforms were preceded by a long preparatory procedure. Already in 2006, the European Commission conducted a detailed assessment of agricultural insurance markets and other risk management approaches in Member States (Bielza et al. 2008 ) and provided intense support for research on the topic. Finally, as part of the general EU policymaking procedure, detailed impact assessments were conducted that investigated various aspects of the proposed reforms including the changes in the risk management approach (European Commission 2011). Despite these long preparations, with few exceptions (Liesivaara and Myyräwe 2014) little is known about the WTP of European farmers for insurance, as most studies of that kind are focusing on developing counties.
Ali (2013) considers index-based insurance as an important risk management tool and conducted a survey to investigate Pakistanis farmers' WTP for crop insurance. He identified various factors (such as economic status, membership of local organisations) influencing farmers' WTP bids and suggests the introduction of premium subsidies to make the insurance scheme more successful. Similar studies were conducted among African cocoa farmers by Falola et al. (2013) and Danso-Abbeam et al. (2014) that highlight the importance of awareness raising and education. In addition, Falola et al. (2013) also emphasise the significance of affordable premium rates, without the explicit notion of subsidies, to encourage the uptake of policies. Contingent Valuation Method (CVM) was used to estimate farmers' WTP for crop insurance in Malaysia and findings confirm interest from farmers' side to buy crop insurance coverage, again at affordable rate (Abdullah et al. 2014) . The need for subsidized crop insurance premiums is also empathised by the World Bank in the context of LatinAmerican and Caribbean countries (World Bank 2010). While based on these studies one could conclude that premium subsidies, in general, are required to develop well-functioning crop insurance schemes in developing countries, it remains unclear if and to what extent premium subsidies are necessary in developed countries.
The case study
The case study was conducted in the United Kingdom, where flood insurance in general has been debated for a long time. While flood insurance penetration is virtually 100 percent in the residential sector, traditionally the government do not provided any premium subsidies for these policies; the high penetration is the outcome of the special agreement between the public sector and the insurance industry, which had been in place for decades and expired last year. Since then policymakers and industry representatives have been desperately trying to put together a new agreement with questionable progress (Surminski and Eldridge 2015) . The financing of crop losses caused by floods, on the other hand, clearly gets less attention.
One company is dominating on the non-subsidized, private agricultural insurance market in the UK (Bielza et al. 2008) . Coverage available for growing crops (only for hail) and livestock (for several disease), but the schemes are not compulsory. Penetration rate is rather low, only 6.9% of the total agricultural area is insured. Coverage for flood risk is available only for farm buildings and machinery, but not for growing crops (Bielza et al. 2008 ) despite the magnitude of the damages. In 2007, 42000 ha farmland was flooded in England and the national total flood damage cost for the agricultural sector was estimated at £50.7 million representing 1% of the gross value added of the agricultural industry in the country (Posthumus et al. 2009 ). The largest losses occurred in horticultures in field level, while arable farms were more affected at farm level due to their bigger size. The more recent 2014 winter floods were comparable in terms of affected lands (44410 ha) but the estimated total damages were lower due to the differing land use and the timing of the floods (ADAS 2014).
Methodology
A survey instrument was developed and implemented to collect the necessary data for the research. The pre-tested questionnaire that contained seven, both open and closed-ended questions, was sent to UK farmers with recent flood experience by post. Participants were asked about their general background and land-use practices, risk perception and willingness to pay (WTP) for crop insurance against flood risk that is currently not available in the UK market. The 2007 summer flood in the UK caused significant damages to agricultural producers, which led to intense policy discussions about agricultural flood risk financing thus the focus of our research. Farmers' WTP was measured in a hypothetical market by using contingent valuation instrument. Respondents were asked to state their maximum willingness to pay at different risk levels and land uses. It was done by open-ended questions, which means no value was suggested to them, but to make it easier to state their bids the average damage costs per year were represented in every case.
Both descriptive (to show incidence) and analytical methods (to identify relationship) were used for the data analysis. Variables -such as risk tolerance -were tested for seasonality effects by using paired t test that allowed to identify any potential statistically significant difference between summer and winter values. A simple linear regression model was built to assess the link between the WTP bids and flood damage costs, which first required the application of box cox transformation in order to reduce the number of outliners and improve the distribution of residuals, thereby get a better, more robust model. The quantitative data analysis was supported by qualitative data collected via dedicated survey questions.
Results and discussions
Farmers interviewed have a total of 2692ha farmland, of which, on average 35.6% was affected by floods. One third of the farmers have no insurance at all, while those with insurance policies, more likely have coverage for machinery and animals (dairy and livestock farmers). Although limited insurance coverage for growing crops was mentioned by many farmers, it is certainly not the main reason behind low crop insurance penetration as more favorable insurance conditions, e.g. the potential introduction of seasonal insurance (coverage for events occurred during the summer period), did not trigger significant interest from the farmers' side.
Relationship between flood frequencies and land uses
Descriptive statistics were used to investigate if there is any special relationship between land uses and flood frequencies. We considered five different land-uses, including grass, cereal, oilseed rape, roots and horticulture that differ in terms of economic output, which has important implications when calculating the agricultural costs of flooding. In most cases, flood damage costs are between the gross output (total value) and gross margin. When flood occurs nearer to the point of harvest costs are closer to the loss of gross output, less savings in harvesting costs plus clean-up costs. However gross margins can be used for broad estimations of flood damages (PenningRowsell and Chatterton 1977) . Gross margin is the difference between gross outcome and variable costs and it indicates which crops are more profitable. Thus floods cause higher losses in fields where crops with higher gross margins ("more profitable crops") are grown. In our sample horticultural cropping and vegetable production have the highest gross margins, which suggests that the highest losses can be expected at these landuses. Figure 1 below shows the different land-uses and flood frequencies in the sample. It is clear that there is a converse relationship between crop values and flood frequencies. More often flooded fields are usually used for pastures (grass) or cereal production while less frequently flooded fields are more often used for, oilseed rape and vegetable production, or as horticulture.. For instance, while 75% of the grasslands can be found on those fields that are, on average, flooded more than once in each year, then vegetable and horticulture production tends to concentrate on fields that are flooded once in every ten years or less. Farmers are growing less valued crops on flood frequent fields and more valued crops on less affected fields. By doing so, they reduce their risks (potential losses), which can of course potentially reduce the need to take out flood insurance policy. 
Farmers risk tolerance
As mentioned above the timing of floods can have important cost implications. Therefore survey participants were also asked about their summer and winter risk tolerance in order to investigate the relationships between risk tolerance, seasonality, crop values, farm types and actual flood risk. Our hypothesis was that winter floods are more tolerated as, in line with the previous discussions, they more likely cause less damages. Based on 36 observations, table 1 below confirms our hypothesis as the mean (and the median) summer risk tolerance is lower (0.3371) than the same variable during the winter period (0.5679). The table indicates that farmers, on average, tolerate summer floods (April -September) once in every 36 months, while winter floods (October-March) are accepted once in every 22 months (1.8 years). The lowest reported flood tolerance is 100 years (1:100 return period) for summer floods and 33 years for winter floods. We used paired t-test to compare the means of the two groups (summer and winter risk tolerance) and confirm if the above found difference between the groups is significant. On average the difference between summer and winter flood risk tolerance is 0.23081, which indicates that farmer are willing to accept 0.23081 more winter floods during the October-March period than in the April-September period each year ( Table  2 ). The outcome of the paired t-test can be summarised as follows: t(35) = 4.009, p < 0.0005. Due to the means of the two groups and the direction of the t-value, we conclude that there is a statistically significant difference between farmers' summer and winter flood risk tolerance (and winter floods are better tolerated). 
c) Estimation of farmers' willingness to pay for insurance
The demand for insurance was estimated through investigation of the relationships between annual damage cost and farmers' WTP bids. Table 3 presents the summary statistics of these two variables. As it indicates the total number of observations was 80, and the distributions of both variables have skewed coefficients. The large proportion of zero WTP bids (41%) shows, that farmers would not pay for insurance in almost half of the cases (most likely when the damage costs were below £60), while their highest bid was 200 pounds. On average, they are willing to pay 20.03 pounds per hectare. In order to investigate if there was a statistically significant association between farmers' WTP bids and the annual damage costs, a correlation was computed, r (80) = 0.7206, p = 0.000. The direction of the correlation is positive and significant at the 0.001 level, which means that there is usually a higher willingness to pay at higher predicted damage costs and vice versa. As a next step, a linear regression was conducted that required the box-cox transformation of the variables to fulfil the linearity assumption. Table 4 below shows the outcome of the regression analysis with the transformed variables. The outcome (R Square =0.4272, F = 33.556, p<.001) indicates a positive association between farmers' WTP and expected damage cost. ) The R square value indicates a large or larger than typical effect, which means that almost half (42.71%) of farmers' WTP (dependent variable) can be predicted by the flood damage costs (independent variable). We should, of course, note that damage cost is not the only variable that influences willingness to pay decisions of farmers, however WTP bids can be estimated quite well from the loss values (it is consistent with the high B value of the damage cost in the model). The equation found is WTP = 0.0237 + 0.4255*Damage Cost, which suggests that if the damage cost is zero pounds, then the model predicts that the WTP for flood insurance is 0.0237 pounds per hectare. Figure 2 below visualizes the relationship identified between the WTP bids of farmers (pounds per hectare) and the predicted flood damage costs (pounds per hectare) after the box-cox transformation. The regression line predicts 42.7% of the WTP bids based on the flood damage costs. One might assume that farmers in the sample are risk averse as they are willing to pay proportionately more to avoid higher damage costs (Slovic 2000) . Figure 2 indicates that this threshold is around 5 pounds per hectare; above that value farmers tend to willing to pay more than the estimated model values (observations are above the regression line). 
Conclusions and policy directions
Insurance has been promoted worldwide as a key element in agricultural risk management. It has been also commonly accepted that well-functioning agricultural insurance schemes require strong support from the governments' side, not only in the form of appropriate regulatory environment, but also often by the provision of premium subsidies. Indeed, several studies from developing countries report low willingness to pay for insurance among farmers and stress the need for subsidies in order to keep premium rates at affordable levels. However farm insurance is also heavily subsidized in many developed countries, one of the most notable example being the US where generous subsidies cost millions of dollars to taxpayers each year (Babcock 2013). The Health Check and the recent reforms of the Common Agricultural Policy suggest that the EU itself is moving towards subsidised agricultural insurance.
Considering these recent policy developments and the relative lack of studies investigating European farmers' attitude towards crop insurance (compared to developing countries), we conducted this case study to investigate the willingness to pay of farmers in the UK for crop insurance. While their low willingness to pay seem to justify public premium subsidies, it is also clear that farmers are taking actions to reduce their risks, which can be especially efficient in case of more frequent, low impact events. Experience from the US suggests that heavily subsidised farm insurance can potentially lead to biodiversity loss (Faber et al. 2012 ) and discourage farmers to take adaptation actions (Skees 1999). European policymakers should carefully consider these potential implications of farm insurance subsidies. In line with the suggestions made by the OECD (OECD 2011) one may argue for a risk-based approach that distinguishes between low, medium and high-risk layers (Mechler et al. 2014 ). Low-risk layer represents very frequent events with low impact; in which case diversification and other risk reduction strategies (e.g. appropriate water management practices) could be efficient. Managing these risks should be the responsibility of the farmers themselves. The medium-risk layer includes less frequent, but not catastrophic events and it is often argued that risk-financing mechanisms, including insurance, are well placed to deal with these risks. Finally, high-risk layer events require outside interventions, for instance by the government or international agencies, to cover the losses.
